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(54)Title: BOOSTER 


(57) Abstract 

A booster device which amplifies received waves and 
transmits the amplified received waves is composed of a reception 
antenna, a carrier synthesizer, a transmitter, a transmission antenna, 
and a parameter controller. The carrier synthesizer generates a replica 
signal by multiplying a canceling signal by a cancel parameter, 
combines the replica signal with the received signal in at least one of 
a radio frequency band, an intermediate frequency band, and a base 
band to synthesize a signal, and generates a base-band synthesized 
signal from the synthesized signal. The transmitter demodulates the 
base-band synthesized signal and generates a transmission signal and 
a canceling signal by using the demodulated signal. The parameter 
controller determines the cancel parameters such that the power of 
the base-band synthesized signal is low based on the base-band 
synthesized signal and the canceling signal, and gives the parameter 
to the carrier synthesizer. 
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f§-t £ LTtHTJt-^o C©«t-5CLT*jKSnSfff*u b (t) CliA f®t7t 7 
M*fcS<OTN 0 50l/7 ,, J*IIfUb(t). Ui(t). Ur(t) Cfc^-tr-y hd^S 


WO 97/15991 PCT/JP96/03143 

12 

au) a»e,(i2)4T?osji9!35*-t®ts«3i-r-5o 

fe 9 1 oo*fe« N 0 5 4 fcli 5 6 OgMftftf . * fc ttft 

<tll®A«*a»41, 48 (04) iHfflLT^i*, *©tt«ITO*fft>o 
4KAf0*7-lr y h*#A/it-r5o u,(t). u,(t)fc#C4f^ 

bcDtmmttjiZ 0 LfrLtetft, ub(t) f-&-£*.-a*fcu 

cft£u„o(t)£*ttU Ub(t)=Ubo(t)exp(j2jr Aft)fiDJ:-5C«3)f3|6J|L 
fc*>©*Ub(t) <bU B4B«*|[»3 7^t*. fcS^li. u»o(t)** 
«4 4a3R*»§S3 7^A#U w b (;exp(j2;r Aft) £Si3f L fcw„exp( j2;r A ft) 

^TqoliS!fttS:t**t*6nSo C©«fc#«**Tf*ftH\ M9) COT A 

^x^(^ r , -PHiE-rsct^-etSo cor ^ 

'h£<ft*K as»l3*^<i6fl£-r5«k-5HJiS 0 

**** »>BK fcl* 0 — ^ ^-X/n*> K®+t y-feAgpji-r^ ;Wf -t&LST; 

y^U ^^*»«rq-qo+AqOJ:9lw^JiLr%i5 0 q 0 (i cn* T*£0 «t 9 1:, £ 

Aq ttJfcttttXft038^jS#T?*3 e -$J3> qo»Aq 
#^^X.bn5o ^CT, RF.IF 00>*+ y-fevu-eiis ^(10), (ll)0^ r ^ 


WO 97/15991 PCT/JP96/03143 
13 

^Q.Sft<DT-x 3:fc> Sftoa«l=lEl;TS(12)U^Kt>, fetltz 

mm 

iz^tfLfrzifeiktzoT', 2iflt»ic« fsroaa fettle) ft tt^-x 


WO 97/15991 


14 


PCT/JP96/03143 


1. ^.{tyyfi-t, 

giEm^tz, m&m&m, ^-^y^^tuot^ 
ft m * t , ±ie* + y -t Afflff # * £ # *• 5 ^{f t x 

±§H^-x/N'y K*«ff*fc±E*+ y*;W3fg^^b±fE^-;^y K * 

4. It*ai©y-7^ii:fc^t, ±E^-*/<yKJa*i=*iJ5±E#* 
6. »*«17!rS4©^rn*»0^-x*Mi3iji.T, niftftSMo«a« 


WO 97/15991 PCT/JP96/03143 

15 

^ii±IS-<-x^'y K^Hff-t < t±ie^-x^*y KJB* + y-b*^?/ 

j^fi-t t ±ib^- x /< y k u y y * fi-i- * ft£ l * + y-kjv&m z ntz 

8. ft^^7oy-x^gfii3fcoT, ±m*+ y-£*m<s^\mmm$L&(D± 

§23! {f ft ^ £ s ±12/ n' ^ > - * A* £ fi£ I" 5 * +• y -tr A / n° v J - * ( i _h 
-tr^7 ±12* + l JT^^ii±!H^/l^fsfg^^±f2« 

m^mmmmmt, ±fEg{tm^t±iBMUf&uy y #ft#££/£u *+y 

9. »*«8©y-^^S*Jcfc^T> ±!25ifi^li±fH^-^/<y K^Uff-t 

^Hm^^±f2M^&^O^ffff^(3^1-5^&W^#Si: £-g^ ±12 
* + y^Afflft^!S±l2[i^^^^©{CJ: f9^$n^-±|2^r a ^«ilff-t^ 
-a-*> ±SE'< 7 / - * #JM^£/£-f S * -r y -tr A/<^ / - ? ^±12^^^^^ 
Pfl-ti:±f2^-x/<y K^fiSft ^w£^T£j££nfc4 , iajffi&ffl* + y-tr A 
^•7/-? ±12* + U T^ffi«li±E^«R««[^*fS^*^M»ttjEfg 

m* + y t 5 ^ - * i ffrais >j nm^^t^fn 

m$Lmmm&mmm&% t , ±ia4»ra«&s^ft# t ±is4 > raj3& y * m-f 


WO 97/15991 PCT/JP96/03143 

16 

11. lff**707-x*»«E;lsi*T N ±IE**»fc±e^-x,<yK*]** 

12. itsmoy-xjsMiziiHT, ±ia%mtt*flXflrtt(D^^uTA 

13. »*«loy-^^Sjticfc^Tx ±§B'<7^-*SiJ©&ii/>ft< 


WO 97/15991 


1/4 


PCT/JP96/03143 


Y 

12 22 13 15 
-»@-r^r-» | BPF 


BPF 


23' 


18 


V 



.16 

*h 

24 





I 2 22 


18 


V 


^13 29 
lFf]^[jOD]-^^ 


15 14^ 19 


BPF 


26- 


T 


.27 


WO 97/15991 


2/4 


PCT/JP96/03143 



PCT/JP96/03143 

3/4 



WO 97/15991 


4/4 


PCT/JP96/03143 



INTERNATIONAL SEARCH REPORT 


PCT/JP96/03143 


A. CLASSIFICATION OF SUBJECT MATTER 

Int. CI 6 H04B7/14, H04B1/40 
According to International Patent Classification (IPC) or to both national classification and IPC 


Int. CI 6 H04B7/14-7/22, H04B1/38-1/58 


died other thin minimum documentation to the extent that such documents are id 

Jitsuyo Shinan Koho 1926 - 1996 
Kokai Jitsuyo Shinan Koho 1971 - 1996 
Toroku Jitsuyo Shinan Koho 1994 - 1996 


Electronic data base annulled during the in 


le of data bate and, where practicable, search te 


C. DOCUMENTS CONSIDERED TO BE RELEVANT 


Citation of document, with indication, where appropriate, of the relevant passages 


Relevant to claim No. 


02-249321, A (Toyo Communication Equipment 
Co . , Ltd . ) , 

October 5, 1990 (05. 10. 90), 

Page 2, lower left column, line 16 to lower 

right column, line 15; Fig. 1 

Page 3, lower left column, line 12 to lower 

right column, line 7 (Family: none) 


JP, 61-202533, A (Mitsubishi Electric Corp.), 
September 8, 1986 (08. 09. 86), 
Page 2, lower left column, lines 3 to 19; Fig. 
(Family: none) 

JP, 62-069738, A (Mitsubishi Electric Corp.), 
March 31, 1987 (31. 03. 87) , 

Page 3, upper left column, lines 8 to 17; Fig. 
(Family: none) 

JP, 58-051632, A (Nippon Telegraph & Telephone 
Corp . ) , 


4, 5 
2, 7-13 


| | See patent family ai 


died to establish the publication dale of ai 
special reasoa (as specified) 
' document referring to an oral disclosure, use, exhibition or otn 

document published prior to the international filing date but bier thi 


Date of the actual completion of the international search 

January 8, 1997 (08. 01. 97) 


January 21, 1997 (21. 01. 97) 


Name and mailing address of the ISA/ 

Japanese Patent Office 


Authorized officer 


Form PCT/ISA/210 (second sheet) (July 1992) 


INTERNATIONAL SEARCH REPORT 


PCT/JP96/03143 


C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT 


Citation of document, with indication, where appropriate, of the relevant 


Relevant to claim No. 


March 26, 1983 (26. 03. 83), 
Page 1, lower left column, lines 5 to 17; 
Fig. 2 (Family: none) 

JP, 58-204637, 
Corp. ) , 

November 29, 1983 (29. 11. 83), 

Page 1, lower left column, line 5 to lower 

right column, line 4; Fig. 2 (Family: none) 


(Nippon Telegraph & Telephone 


Form PCT/ISA/210 (continuation of aecood sheet) (July 1992) 



BBgfflK*^- PCT/JP9 6/0 3 1 4 3 

a. xm<om-rz#m<D#m (bimmkmr (ipo) 

Int. CI' H04B 7/14, H04B 1/40 

B. PWE&firofcttl? 

fME*trofc*/N«rfls|. (BIRffft*Mi (I PC) ) 

Int. CI* H04B 7/14- 7/22, H04B 1/38- 1/58 

B#HHfflSfJfS4*# 1 92 6-1 996? 
H*H^rH3lffl«r36^« 1 9 7 1-1 996? 

b 1994-1996? 


c. «m-r< 




wars 

X 

Y 
A 
Y 

JP, 02-249321, A (X&BflrMMut^tt) , 
5. 10E. 1 9 9 0 (0 5. 1 0. 90) , 

m2H£T**16fr-ISIH*T*«15fT, fflB. 

)B3J(£T««1 2tT-ISlH*T»*7ff 

JP, 61-202533, A , 
8. 9£. 1 9 8 6 (0 8. 0 9. 8 6), 
SS2H£T«»3-1 9fr, »1H 

1. 3. 6 

4, 5 
2, 7-13 
4 



Taj »fcH*«>*>6;faR-cittj:<, -*SWt*ffl**&^1- r Tj H0RWBHXtttf4feBafc4ai*nfc3ttt-C*>or 

rr , £f\ ^ raw t>»-ei«e<, aneflauuia 
TEj jfetrXR-ettfcSjJJ, SK5HJ*B£Jl«(c<&*c;**Lfct> Il«>a<*e>fcie>fc9lffi1-«t>0 

B*L<tt*©wJ4«ft*«tti-6fc«>Kgi«i-5 m wcBra©*>6X«-e*>oT, ysrftxit^tteiu 
roj p®icj:5m^. mm. mwmc-gR-rzxm. x^Tmm&ffite^tmtbtiz^n 

rpj BBItWBtt-C. 4*oCJMl0>£S«>£BJ:&SttB r &J H-'<Ti'h7TS 

BBWStfcSSTLfcB 

0 8. 0 1. 9 7 

sb***^ b 21-01-97 

B*B#flF/T (I SA/J P) 

SffiS^- 1 0 0 
JKJW=Ht n KI#B=T 1 4 # 3 * 

** ** (J 

«B*f- 03-3581-1 101 

s 5 J 4 2 2 9 
Aft 3 5 3 8 


«3tPCT/I SA/2 1 0 (ft 2 <*-£;) (1 9 92?7J3) 



BRH**« EKfcbB*^ PCT/JP9 

5/0 3 14 3 

c (set) . 

Ma-rs tisxitt 




Y 

JP, 62-069738, A (^.SWIMSfcEt^tt) , 
3 1. 38. 1 9 8 7 (3 1. 0 3. 8 7), 
«3Jt*Lii«*8-l 7ft. SB IE 

5 

A 

J P, 5 8-0 5 1 6 3 2, A ( B tttflHtB&tt) , 

2 6. 3£. 1 9 8 3 (2 6. 0 3. 8 3), 
SS1H£TW«5-1 7ft. SB2E 
(7T5 9-4L) 

1-13 

A 

J P. 5 8- 204637, A (BMMUm) . 
29. 111. 1 9 8 3 (2 9. 1 1. 8 3) , 
SBlHfcT«»5ft-|3lH^T**4ft. SB 2 El 

(77SJ-4U 

1-13 


aSPCT/ISA/2 10 (JR2^-i?©**) (1 9 9 2¥7I) 


United States Patent m 

Ito et al. 

[54] BOOSTER SYSTEM 

[75] Inventors: Kazuhito Ito; Hiroshi Suzuki, both of 
Yokosuka; Manabu Nakada, Kawasaki; 
Yoshio Ebine, Yokohama, all of Japan 

[73] Assignee: NTT Mobile Communications 
Network Inc., Tokyo, Japan 

[21] Appl. No.: 08/860,373 

[22] PCT Filed: Oct. 28, 1996 

[86] PCT No.: PCT/JP96/03143 

§ 371 Date: Jun. 25, 1997 

§ 102(e) Date: Jun. 25, 1997 
[87] PCT Pub. No.: W097/15991 

PCT Pub. Date: May 1, 1997 
[30] Foreign Application Priority Data 

Oct. 26, 1995 [JP] Japan 7-279006 

[51] Int. CI. 6 H04B 7/14 

[521 U-S. CI 455/17; 455/21; 455/24 

[58] Field of Search 455/7, 10, 11, 

455/15, 16, 17, 20, 21, 22, 24 

[56] References Cited 

U.S. PATENT DOCUMENTS 

4,317,217 2/1982 Davidson et al 455/24 

4,776,032 10/1988 Odate et al 455/10 


llllllllllllllllllllllllllllllllllllllllllllllllllllll 

US005963847A 

[ii] Patent Number: 5,963,847 
[45] Date of Patent: Oct. 5, 1999 


FOREIGN PATENT DOCUMENTS 

0 227 393 7/1987 European Pat. Off. . 

0133148 10/1980 Japan 455/24 

58-51632 3/1983 Japan . 
58-204637 11/1983 Japan . 
61-202533 9/1986 Japan . 
62-69738 3/1987 Japan . 
2-249321 10/1990 Japan. 
WO 84/02626 7/1984 WIPO . 
Primary Examiner — Thanh Cong Le 

Attorney, Agent, or Firm — Pollock, Vande Sande & 
Amernick 

[57] ABSTRACT 

A booster system for transmitting a received wave after 
amplifying it comprises a receiving antenna section, a carrier 
combining section, a transmitting section, a transmitting 
antenna section and a parameter control section. The carrier 
combining section multiplies a canceling signal by a cancel 
parameter to obtain a replica signal, then combines it with a 
received signal in at least one of the radio frequency band, 
the intermediate frequency band and the base band, and 
derives a combined base band signal from the combined 
signal The iransmining section generates a send signal and 
a canceling signal by using a signal demodulated through the 
demodulation of the combined base band signal. Hascd on 
the combined base band signal and the canceling signal, the 
parameter control section determines a canceling parameter 
such that the power of the combined base band signal is 
reduced, Ihe parameter being provided lo the carrier com- 
bining section. 

13 Claims, 4 Drawing Sheets 
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BOOSTER SYSTEM 

TECHNICAL FIELD 

The present invention relates to a booster system that is 
used to improve the reception in areas of weak radio waves, 
in a mobile communication system such as a radio paging 
system, in particular. 

In mobile communication systems, communication qual- 
ity declines in areas where radio waves from the base station 
arc weak, for example, around zone edges (cell edges). 
Furthermore, since radio waves from the base station do not 
reach the back of a mountain, there are areas where no 
services can be provided because of some particular geo- 
graphical features. Even in such areas high quality sendees 
could be offered by increasing the number of base stations, 
but this inevitably leads to the defect of increased costs for 

As a solution lo [his problem there has been used a booster 
system capable of easily relaying radio waves. The booster 
system receives a desired signal, then amplifies the received 
signal, and sends radio waves of high intensity toward an 
object area at the same frequency as that of the received 
signal. However, the booster system has to clear some 
conditions. One of the most important issues is mutual 
coupling between a transmitting and a receiving antenna, 
resulting in amplified radio waves of high intensity, emitted 
from the transmitting antenna, getting mixed into signals 
received originally by the receiving antenna. The interfer- 
ence waves thus mixed in the received signals act as 
interference waves and make the booster operation unstable. 
As a solution to this problem, it is customary lo space the 
two antennas sufficiently far apart so as to loosen the mutual 
coupling between them. In recent years, however, there is a 
need of downsizing the whole apparatus to reduce the cost 
for installation of the booster system — this makes it difficult 
to reduce the mutual coupling between the transmitting and 
receiving antennas by spatially separating them. 

To meet the requirement, there have been proposed meth- 
ods wherein the booster system is equipped with an inter- 
ference canceling function as described below. 

A first method is to superimpose a pilot signal on the send 
signal. With this method, as shown in FIG. 1, a received 
signal, which is the input into a receiving antenna 11, is 
combined by a combiner 12 with a feedback signal, then the 
combined signal from the combiner 12 is subjected to , 
processing for the removal of out-band signals by band-pass 
filters 13 and 14 properly amplified by an amplifier 15, then 
the amplified signal is combined by a combiner 17 with a 
pilot signal from a pilot signal generator 16. and the com- 
bined signal is sent as the send signal via a transmitting 
antenna 18. On the other hand, the output send signal from 
the combiner 17 is branched by a coupler 19 and the 
branched signal is adjusted by an amplitude phase controller 
21 in amplitude and in phase, thereafter being fed as a 
feedback signal to the combiner 12. The combined signal 
from the combiner 12 is branched by a coupler 22, then a 
pilot signal is extracted by a filter 23 from the branched 
output, then the extracted signal and the pilot signal from the 
generator 16 are compared by a comparatoi 24, and the 
amplitude and phase of the feedback signal are controlled by , 
the amplitude/phase controller 21 with the output from the 
comparator 24 so that the pilot signal component is reduced 
to zero in the combined signal from the combiner 12. 

This method has a shortcoming that the send signal is 
disturbed by the addition thereto of the pilot signal. 

A second method is to amplify the received signal after 
modulating it by a modulating signal. According to this 


method, as shown in FIG. 2, the combined signal from the 
combiner 12 is branched by the coupler 22 and is then 
demodulated by a demodulator 26 to obtain a modulated 
signal component, which is correlated by a correlator 28 
with a modulating signal from a modulating signal generator 
27, and the amplitude/phase controller 21 is controlled so 
that the correlation becomes zero. After having its out-band 
component rejected by the band-pass lillei 13. the combined 
signal from the combiner 12 is modulated by the modulating 
) signal from the modulating signal generator 27, and the 
modulated output is amplified by the amplifier 15 and 
provided via the band-pass filter 14 to the ti 


In this prior art method, there is not any concrete 
amplitude phase control algorithms that make the correlated 
output become zero. In addition, the method has a defect that 
the transmission wave differs from the original send signal 
because of a disturbance by its modulation. 

As described above, the conventional interference can- 
celing methods have a common defect that the signal is 
disturbed. Furthermore, since the disturbance is made a 
fluctuation component small enough not to affect the inher- 
ent signal liansinission characteristics, a signal lot forming 
an interference canceling loop is so weak that it is difficult 
to cancel interference with high accuracy. 

It is therefore an object of the present invention to provide 
a booster system with which it is possible to cancel inter- 
ference without superimposing a pilot signal on the trans- 
mission wave or modulating it and which permits accurate 
cancellation control. 

SUMMARY OF THE INVENTION 
The booster system according to the present invention 
comprises a receiving antenna section, a carrier combining 
section, a transmitting section, a transmitting antenna sec- 
tion and a parameter control section. The carrier combining 
section multiplies a canceling signal by a cancel parameter 
to obtain a replica signal, then combines it with a received 
signal in at least one of the radio frequency band, the 
intermediate frequency band and the base band, and derives 
a combined base band signal from the combined signal. The 
transmitting section generates a send signal and a canceling 
signal by using a signal demodulated through the demodu- 
lation of the combined base band signal. Based on the 
combined base band signal and the canceling signal, the 
parameter control section determines a canceling parameter 
such that the power of the combined base band signal is 
reduced, the parameter being provided to the carrier com- 
bining section. 

Since the present invention cancels the interference com- 
ponent without insertion of a pilot signal into the send signal 
or its additional modulation as mentioned above, the send 
signal is free from disturbance and the interference cancel- 
lation performance is significantly improved because of 
adaptive signal processing by an error detection in the base 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a block diagram showing a conventional booster 

system that uses a pilot signal to cancel interference; 
FIG. 2 is a block diagram showing a conventional booster 

system that performs a particular modulation to cancel 

interference; 

FIG. 3 is a block diagram illustrating an example of the 
basic configuration of the booster system according to the 
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FIG. 4 is a block diagram showing a concrete example of and amplifying it by a complex gain G with respect to the 

a carrier combining section 31 in FIG. 3; input level. The send signal is expressed by the following 

FIG. 5 is a block diagram showing a concrete example of equation: 

a transmitting section 32 in FIG. 3; and ^ ^ 

FIG. 6 is a block diagram illustrating an example that : d 

controls transmitting power. The carrier combining section 31 multiplies the canceling 

signal u(t) by the cancel parameter w(t) to generate a replica 
signal complex envelope r(t)=w(t)u(t) and utilizes the dif- 
ference between the received signal v(t) and the replica 

The receiving antenna section receives a signal from the '° si § nal r W to 8 enerate a combined signal complex envelope 

base station as a desired wave, while at the same time the yM- 

received signal contains as an interference wave mixed yj^-rU^Mt) (3) 
therein, a send signal emitted Irom the transmitting antenna 

section. 15 As described later on with reference to FIG. 4, the carrier 

In FIG. 3 there is illustrated the basic configuration of the combining section 31 further processes the combined signal 

present invention. Assume that every signal mentioned y 0 (t) by amplification, frequency conversion and band-pass 

below is represented by a complex envelope. That is, a filtering and outputs it as the combined base band signal 

signal of a real number is represented by a complex envelope y c (t). The combined base band signal y c (t) thus produced by 

x(t) such as x,.(t)=Re{x(t)exp(j2jtft}. A carrier combining 20 amplification, frequency conversion and band-pass filtering 

section 31 combines a received signal y(t) and a canceling is the same as a signal that is obtained by multiplying the 

signal u(t) and derives a combined base band signal y,.(t) combined signal y Q (t) by a certain complex. The combined 

from the combined signal as a complex envelope signal. The base band signal y,.(t) is produced by the IQ detection of the 

two signals may be combined in any stages of the radio combined signal y 0 (t), that is, by multiplying the input 

frequency band, the intermediate frequency band and the 25 modulated signal by in-phase and quadrature carrier signals 

base band, or in a desired combination of such frequency and eliminating harmonic components with a low-pass filter, 

bands. and the real part Re{y t .(t)} and the imaginary pari lm[y (t)j 

A transmitting section 32 generates a send signal and a are 0Ul P ut as two base band signals. These signals will 

. mceling signaf through tilili/al on ol i lata ,i£,al that is hereinafter be identified intact by the complex number y c (t). 

obtained by demodulating the combined base band signal. 30 Incidentally, the combined signals y„(f) in the RF band, the 

The canceling signal is generated from a signal in a desired IF band and lhc basc banu dlJl6r ln magnitude and in phase, 

stage from the generation of a base band signal u t (t) by but sin ce their variations are each merely a fixed multiple of 

remodulating the demodulated version of the received signal the compk i r. the ,11 be identified by y, (t)=y„(t) in 

to the generation of a radio frequency signal u,.(t). Since the common to them for the sake of simplicity, 

send signal is produced merely by multiplying the canceling 35 111 tne present invention, the interference signal may be 

signal by a certain complex number, the send signal and the canceled in the RF band, in the IF band, in the base band, or 

canceling signal will hereinafter be represented by u(t). A ' m an arbitrary combination thereof. In the ease of canceling 

parameter control section 33 calculates a cancel parameter the interference signal in the base band, the canceling signal 

w(t) from the combined base band signal and the canceling u ( l ) in tne base band is multiplied by the cancel parameter 

signal and outputs it to the earner combining section 31. " 4 " MD 111 generate the replica signal r(t)=w (t)u(t) in the base 

A detailed description will be given of the operation of b K and ;md " K h ~" Il,c rcctlvtd ;llld 

each section. As referred to above, a real number signal will J he «P hca f§ nal r W f u f d t0 S enerate the com " 

be represented bv the complex envelope x(t) like- x, „)= h ™« C '-.'nd signal >-.(.) by hq (3) 

Re!x(l)ex P ( 1 2.Tf,)]. Aevordmglv. the real part Re Ml)) re P - 1 K ' «' mhmul h ^ hand >' < > h " m Cam " 

, ,i , i i" , , , , 45 combining section 31 is demodulated m the transmitting 

resents the amplitude ol an in-phase component ami the ,% , . 

imaginary par, Im[v(.)j represents the amplitude of the sccll " n 3 , 2 ° 11a " 1 ^inodiilated s.gna which ,s 
? . L / n. c c n u again subiected to demodulation similar to that of the 
quadrature component. I he earner Ircqucncv I will be , . , , . , , . , 
represented by k in the RF band I the radio frequency band), received signal, by which a send signal uXt)=s(t-x,) is 
- .. ' ■ ■ ■ generated. I he send signal s(|-t ,) is a radio wave ol exactly 


], ill the Ik band (the intermediate frequency band) and 0 in , , 

the base band 1 pt .1 ,1 I, lh , s 1 , ' s ," signal transmitted from the base st 

allows ease in representing similar P n icessmg ,n the RF and a P llot sl S nid f no ' ^perimposed on the send signal nor 

band, the II baud nd thi b ,nd ' ,s ™ ™"'»'^ d ' send signal s(t-x,) ,s transmit- 

ted from the transmitting antenna IS, while at the same time 

Superimposed on the received signal complex envelope ^ alllcc i lni , si ,„ al u(l) is generated from the send signal 

y(t) received by a receiving antenna 11 are a desired wave 55 and fed , 0 , he carrier comblIlin g section 3 1 . In the parameter 

complex envelope s(l I, an mlerlcrence wave complex enve- U , |||I(]| scc| ., || 33 l||c palalllclcI w(l) is umU olled to be 

lope q 0 u(t) that is a leakage of a send signal complex optimum so that the component of the send signal s(t-T,) is 

prwplrmp n(Vl prrnttprt frr,m a Irancm tt nrr antpnna 1« anrt 1 .... K & . > . d ' 


envelope u(l) emilled Iron, a transmuting antenna IS and Q0 , contained ,„ U]t C(imhlllcd hasu haild signal yft) . 

received by the receivrng antenna, and a noise complex a variety of methods can be used to calculate the param- 

envelope „(,). fhe signal complex envelope y(l) ,s expressed ( () ^ m , |)t para „, ctu - eontrol s6ction 33 ofthe above booster 

by the following equation: system A concrete example Wlll be described below. 

y{t)=s{t)+q u(f)+n{t) (1) Assuming that the coupling coefficient q a between the 
transmitting and receiving antennas 18 and 11 does not 

where q a is a complex coupling coefficient between the fluctuate, the cancel parameter w(t) naturally ought to 

transmitting and receiving antennas 11 and 18. The send 65 remain unchanged and hence it will be identified by w(t)=w. 

signal u(t) is produced by delaying a demodulated signal for The power of the combined base band signal y^t) is the sum 

a time x d , then modulating it again to obtain a signal s(t-x d ), of the powers of a desired wave, an interference wave and 


noise when the interference wave is left unremoved. As the 
interference wave is removed using the replica signal r(t), 
the power of the combined base band signal yjt) gradually 
decreases and when the interference wave is completely 
removed, the power of the combined signal y^(t) is mini- 5 
mum. Hence, in the case of using the power of the combined 
base band signal y,.(t) as an evaluation function J, control 
expressed by the following equation is effected: 


■HV'f 


ID 


where |z| represents the absolute value of z and < > repre- 
sents a set mean, which is a time mean in practice. The 
interference cancellation can be performed in any of the RF : 
band, the IF band and the base band. Letting the cancellation 
in all of the three bands be y(l)-wu(t) and setting y(t)=s(t)+ 
q„u(t)+n (t), the evaluation function J can be modified as 
follows: 


<l>u)| ; .+<!</„ -»| : |«ui! : +\m/)|^ + 


As described above, the coefficient can be updated by 
multiplying the combined base band signal y c (t) by the 
conjugate complex number of the complex envelope of the 
canceling signal and ihe step size //. In other words, 
«y,,(k)u(k) is fed back to the preceding cancel parameter 
w(k-l), by which the cancel parameter is updated. 

FIG. 4 illustrates in more detail an embodiment of the 
carrier combining section 31, in which signals are combined 
in each of the RF stage, the IF stage and the base band stage 
for cancellation of the interference signal. Three canceling 
signals u r (t), u,(l) and u (!) arc input from the transmitting 
section 32 in FIG. 3 (described later uu with reference to 
FIG. 5) into the RF band, IF band and the base band stages, 
respectively. The parameter control section 33 (FIG. 3) is 
supplied with the base band combined signal y,.(f) and the 
canceling signals u r (t), u,(t) and u fc (t) from the transmitting 
section in FIG. 5 and creates cancel parameters w r (k), w,(k) 
and w fc (k) for the RF band, the IF band and the base band, 
respectively, by the following equations: 


nvuv UK../., - »■)«(/)> + (s'uiwi + <v„ - »*'irwi)l 

where a/=<|s(t)| 2 >, a t( 2 =<|u(l)| 2 > and u„ 2 =<|n(l)| 2 > and A* 
represents a complex conjugate of A. Since noise is utterly 
random and lias no correlation with the signals s(t) and u(t), 
<s*(t)n(t)>=0 and <u*(t)n(t)>=0. 

Further, set <s*(t)u(t)>=o f a„p, where p is a correlation 
coefficient between the signals s(t) and u(t). Hy such setting, 
Eq. (5-1) becomes as follows: 
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Since the received signal is modulated after being 
demodulated, the delay time i d from the reception of the 
received signal to the generation of the modulated signal 
after the demodulation is sufficiently longer than the symbol 
period T s and the delay time x d can be regarded to be much 
greater than \\. In this instance, the signals S*(t) and u(t) at 
lime 1 are modulated differently, and since a mean value of 
their product, <S*(t)u(t)>, is substantially zero, the correla- 
tion coefficient p can be regarded lo be approximately equal 
to zero. Hence, Eq. (5-2) becomes as follows: 

As will be seen from the above equation, under the 
condition that the interference can completely be canceled, 
that is. when \\=q,,. the evaluation function .1 is minimized. 
In practice, however, since the value of the coupling coef- 
ficient q a is unknown, it is necessary to calculate its value by 
one algorithm or another. Now, let w at the sample point k.T s 
be represented by \v(k). omitting T s , and consider iterative 
updating of the parameter w(k) by the steepest descent 
method (s.Haykin. Adaptive filter theory, 2nd edition, 
Prentice-Hall, 1991) as follows: 

w(U)-w(k-i)-(^l2)dJ/Sw\,-kT (7) 

where/* is a step size. Partial differentiation of Fq. (4) gives 

iJ/Sw=-2yi,) U '(t) + 2u(t)u'(i)^-2y c (,)u'(t) (8) 

(see the above-mentioned literature). Substitution of this 
into Eq. (7) gives such an algorithm as follows: 

W(k)=w(k-l) +K ,Jk)u-<® (9) 


where fi r , pi f and fi h represent correcting step sizes in the RF 
band, the IF band and the base band, respectively 

An RF complex envelope converter 35. made up of two 
multipliers and a t 2 phase shifter, complcx-mulliplics Ihc 

30 RF canceling signal u,(t) bv the parameter w, to generate an 
RF-band replica signal Similarly, an IF complex enve- 
lope converler36, formed by two multipliers and a Jt/2 phase 
shifter, generates an IF-band replica signal r ; (t), and a base 
band complex multiplier 37 complex -multiplies the cancel- 

35 ing signal u t (t) and the parameter w t to generate a base-band 
replica signal r 6 (t). 

In a combiner 3M the received signal y(t) fioni the 
receiving antenna 11 and the replica signal r r (t) are 
combined, that is. the replica signal r,.(t) is subtracted from 

40 the received signal y(t), thereby obtaining a composite 
signal y ar {\) processed for interference cancellation in the 
RF band. The signal y t ,It) is amplified by a low noise 
amplifier 39. The amplified output is fed to a frequency 
converter 42, wherein it is converted to an IF band signal by 

45 a local signal of a frequency f, from a local oscillator 41, 
then the converted output is filtered by a band-pass filter 43 
and combined with the replica signal r,-(t) in a combiner 44, 
that is, the replica signal r,(t) is subtracted from the filtered 
output, whereby the residual component of the interference 

~u signal in the IF band is canceled. The combined signal Y„,(0 
processed for interference cancellation in the IF band is 
amplified by an AGC amplifier 45 and then fed to an IQ 
detector (a quadrature detector) 46, wherein the amplitudes 
of its in-pha.se and quadrature components are extracted. The 

55 quadrature detected output signal and the replica signal r,,(l) 
are fed to a combiner 47. wherein the latter is subtracted 
from the former and from which a combined signal }'„,,(!) 
processed for interference cancellation in the base band is 
output as the combined base band signal y c (t). 

tu By canceling the interference wave in three steps as 
described above, an optimum amount of cancellation can be 
set in hardware in each stage — this provides the advantage 
that excessively high accuracy is not required in each 
section. In FIG. 3. the power level of the signal q,u(t) thai 

65 leaks from the transmitting antenna 18 to the receiving 
antenna 11 is usually about 30 to 40 dB higher than the 
power level of the desired signal sit) at the receiving antenna 
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11, so that the interference cancellation processing by the values and a signal from which the interference wave has not 
RF-band combiner 38 using the RF-band replica signal r,.(t) sufficiently been removed is input into the demodulator 51. 
enables the maximum gain for the desired signal to be As a result, the demodulated data becomes completely 
increased within the range over which the operation of the random and the send signal is also modulated completely 
low noise amplifier 39 remains unsaturated. Besides, when 5 randomly. To avoid this, the output is held at a level at which 
the signal processing by the complex multiplier 37, the the desired wave can be demodulated satisfactorily even if 
quadrature detector 46 and the combiner 47 in the base band the interference wave is not canceled at the beginning and 
is performed as digital processing, processing accuracy can the output is gradually increased to such an extent that the 
be increased as compared with that of analog processing. cancel parameters can be obtained. l*he attenuator 58 is 
FIG. 5 illustrates in detail an embodiment of the trans- 10 placed under the eonliol of the parameter control section 33. 
milting section 32 in I K i 3. 1 be combined base band signal fhe receiving circuit of 1 Ki. 4 and the transmitting circuit 
y o4 (t) or y c (t) in FIG. 4 is demodulated by a demodulator 51 of FIG. 5 use many local oscillators. If their frequency 
into a data signal and a modulation is earned i iut again based accuracy is low, the phase of the complex envelope of the 
on the data signal. This modulation is performed in two interference component, when observed in the base band, 
steps. In the first place, a base band modulated wave ts rotates with respect to the desired wave by a frequency 
complex envelope (a base band modulated signal) u h (t) is setting error for each local oscillator. When the cancel 
generated by a modulator 52 using the data signal sequence, parameters sufficiently follow the phase rotation, the inter- 
then this signal is fed to a quadrature modulator 53 com- ference can be canceled, but in practice, a steady phase error 
posed of two multipliers, ai2 phase shifter and an adder, ine\ ilably occurs due to the follow, deteriorating the param- 
wherein it is frequency converted by a local signal )„ from 20 eter estimation accuracy. To avoid this, these local oscilla- 
a local oscillator 54 into an IF-band modulated signal. The tors are synchronized by a phase lock loop with the output 
IF-band modulated signal u,{t) thus obtained is fed to a phase of one reference oscillator, by which the phases of the 
frequency converter 55, wherein it is further frequency local oscillator outputs as well as their frequencies are 
converted by a local signal i L from a local oscillator 56 to an synchronized. With the use of this method, the parameter 
RF band signal, and the frequency converted signal is output 25 control section 33 needs not to follow the phase rotation of 
as the send signal u,.(t) via a band-pass filter 57 and the the interference wave, so that the cancel parameters can be 
transmitting amplifier 15. The output from ihe modulator 52 obtained with high accuracy. 

is provided as the base-band canceling signal u r (l) to the file above description has been given on the assumption 
multiplier 37 in FIG. 4, the output from the quadrature that the approximation p=0 holds in I up (5-2). To implement 
modulator 53 is provided as the IF-band canceling signal 30 this, it is necessary that x rf »T 5 and that <s*(f)u(t)>-<s 
u ; (t) to the complex envelope converter 36, and the send *(t)s(t-Tj)>aO. When the desired wave signal has its spec- 
signal u/t) is provided as the RF-band canceling signal u^t) trum limited in a narrow band, long inter-symbol interfer- 


o the complex envelope converter 35 from the coupler 19. euce occurs with respect to the symbol perio 

In the FIG. 4 configuration the IF amplifier (the AGC the possibility of preventing the above-said approximation 

amplifier) 45 is used as a level detector. More specifically, 35 from holding. This problem can be overcome by setting the 

the output from a logarithmic amplifier serving as the level carrier frequency of the send signal u(t) slightly off the 

detector 45 or a gain control signal of an automatic gain carrier frequency of the received desired wave signal s(t). 

control amplifier as the level detector 45 can be used as a Now, let f r represent the carrier frequency of the received 

level signal. The observation of a mean level by such a level wave from the base station that is the desired wave s(t) for 

detector permits calculation of the cancel parameters as 40 the booster system, and let f r ' represent the sending carrier 

described below. frequency of the booster system. The send signal u(t) can be 

When interference has not ever been canceled, the level is expressed by the following equation using the send signal 

the combined power of the desired wave, the interference ujt) in the case of no frequency offset being provided: 
wave, noise and the replica as indicated by Eq. (6). By 

adjusting the amplitude and phase of the replica so that it 45 n(0=«„(rV.r;>(&iA/r) (13) 

cancels Ihe interference wave, the composite level ought to V=',W, (14) 
drop. When the interference wave is canceled with the 

highest degree of accuracy, the output from the level detec- When Af-0, u(t) becomes u jt). The frequency offset Af is 

lor 45 indicates the combined power level of the desired chnscn such thai the signal spectrum ol ihe send signal u(l) 

wave and noise and the power is minimum. Therefore, it is 50 falls within a predetermined band. By this, even if the 

also possible to control the parameters w, and w,- to mini- requirement for Eq. (6), <s*(t)u o (t)>=0, is not satisfied, that 

mize the detected level of the level detector 45 while is, even if the correlation between the signals s(f) and u„(f) 

observing the level. The parameters for adjusting the ampli- becomes zero, a mean or exp(j2jT.Afl) becomes zero after the 

tude and phase are iteratively calculated by trial and error. elapse of time sufficiently longer than a time constant f/Af, 

However, this method is effective in the cancellation only in 55 and the following equation can be made zero: 

the RF band and the II band since the cancellation must be . . ,„ „,, „ , ,,_ 

. p=<s /) ! ;„i/l-A 7 >i,:.T'\//)> io,o ; ,) (15) 

done before processing proceeds to the level detector 4s. 

Furthermore, no phase information is available and only the This method provides a slight frequency offset Af and can 

level is utilized for adjustment, so that there are cases where hold it within a permissible range as an ordinary in-band 

accuracy is not so high. Hence, this method is suitable to cu frequency drift. Hence, this method does not so much 

coarse adjustment. The parameter w A is adjusted using Eq. disturb the signal as much as in the case of the second- 

(9). mentioned conventional method (FIG. 2). 

FIG. 6 illustrates a modified form of the transmitting A concrete method is to provide the frequency offset in the 

section 32, in which an attenuator 58 is provided as a level modulator 52 in FIG. 5. The modulator 52 outputs the 

controller to control the transmission output. Immediately 65 in-phase and quadrature components of the signal u(t) as the 

after the start of operation of the booster system the cancel base band signal. That is, the modulator outputs the signal 

parameters w„ w,. and w 6 do not yet converge to optimum u(t) as u 6 (t). Since the base band signal s(t-x d ) is output 
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when no frequency offset is provided, the signal u fc (t) at this 
time will be identified as \i bo (i). That is, u 6o ^s(t-x rf ). The 
frequency offset can easily be obtained through complex 
multiplication nfii/Ji) by e\p(i2xMi) in the modulator. At 
this time, Uj,(t)=u h „(t)exp(j23tAft). The modulator, which 
provides the frequency offset, outputs the in-phase and 
quadrature components of the signal u,,(t)=u, v) (t)exp(j2:n;Aft) 
as the base band signal u ; ,(t). Since the signal u fc (i) thus 
generated has the frequency offset Af, the replica signals 
u b (t), u,(t) and u,.(t) in FIG. 5 also contain the offset. Since 
the thus frequency-offset send wave u,.(t) leaks to the receiv- 
ing antenna, the leakage signal can he canceled by the offset 
replica signals. Therefore, the description from Eqs. (4) 
through (12) holds true as it is. 

Another method is to offset the oscillation frequency i IF 
or i L of the local oscillator 54 or 56 in FIG. 5 by Af. These 
oscillators arc synchroni/cd with the local oscillators 41 and 
48 at the receiving side (FIG. 4) as described previously, and 
an accurate frequency offset Af can be obtained by offsetting 
the frequencies of the former while maintaining their phase 
synchronization with the latter. Let it be assumed that the 
frequency offset Af is provided to the local oscillator 54. In 
this case, since the signals u,.(f) and uit) are also merely 
offset by Af, the cancel algorithm is the same as the 
aforementioned. Since no offset is provided for the signal 
u /,(!), it is regarded as the signal u,,„(t) and its complex- 
multiplied version u,.,(1)=u,,.,(l)exp (j2xMi) is input into the 
complex multiplier 37 in FIG. 4. Alternatively, the signal 
u 6o (t) is input intact into the complex multiplier 37 and 
\v / ,c\p(j2.TAIt) obtained b\ multiph ing the cancel parameter 
w b by exp(j2jtAft) is fed to the complex multiplier 37— this 

In the above the coupling coefficient q„ between the 
transmitting and receiving antennas of the booster system 

coefficient q a is considered to vary with a change in the 
surrounding environment such as a temperature change. If 
this change is gentle, the algorithm of Eq.(9) ought to 
adaptively follow the change in the coefficient q a . The 
follow ing rale can lie adjusted using the step size u (/(,.. /(,., 
H h ). Theoretically, l/fi is a time constant of this algorithm, 
which increases with a decrease in the step size /(, and highly 
accurate interference cancellation can be achieved using a 
long time mean. On the other hand, an increase in the step 
size /u causes a decrease in the time constant and the 
algorithm quickly follows the coefficient fluctuation. 

In general, the cancel sections in the RF band and the IF 
band use analog circuits as their components, and hence they 
are not so high in accuracy. On the other hand, the cancel 
section in the base band performs digital signal processing, 
and hence it is highly accurate and capable of line control. 
With the cancellation in the base band, however, saturation 
of the low noise amplifier or the like cannot be deal with. For 
this reason, it is desirable to perform each cancellation in 
correspondence with one component of q. The coupling 
coefficient is considered to be separated such that q=q„+Aq, 
where q a is a gentle variation component as mentioned 
above and Aq a relatively quick variation component. In 
general, it is considered that q a is much greater than Aq in 
many cases. Hence, in the cancellation in the RF and IF 
bands the step size u r or /«, in Eq. (10) or (11) is chosen 
relatively small. This cancels the gently varying components 
of tight coupling. The step size u b is chosen relatively large 
for the purpose of canceling the residual component and the 
rapidly varying component by the base band canceler. The 
base band cancellation is carried out by digital signal 
processing, and hence it is highly accurate. Furthermore, an 
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RLS algorithm and Kalman filter known as excellent adap- 
tive signal processing, other than Eq. (12), can be employed 
according to the rate of fluctuations. 

5 EFFECT OF THE INVENTION 

As described above, the present invention cancels the 

disturb the transmission wave and has significantly excellent 
J0 interference cancellation performance because of adaptive 
signal processing in the base band. The present invention is 
of great utility when employed in mobile communication, 
especially in the booslei system of lite ladio paging sy stem. 
We claim: 
35 1. A booster system comprising: 
a receiving antenna; 

a carrier combining section wherein a replica signal 
generated h\ multiplying a cancc ling signal by a cancel 
2Q parameter and a received signal are combined in at least 
one of the radio frequency band, the intermediate 
frequency band and the base band and a combined base 
band signal is derived from the combined signal; 
a transmitting section for generating a send signal and 
25 said canceling signal through utilization of a data signal 
obtained by demodulating said combined base band 

a transmitting antenna section for sending said send 
signal; and 

30 a parameter control section for calculating said cancel 
parameter from said base band signal and said cancel- 
ing signal so that the power of said base band signal is 
reduced, and for outputting said cancel parameter to 
said carrier combining section. 

control section means for iteratively generating said cancel 
parainetei updated by adding the product of said base band 
signal, said canceling signal and a step coefficient to the 
previous cancel parameter. 

40 3. The booster system of claim 1 or 2, wherein said carrier 
combining section performs said combining, said transmit- 
ting section has modulating means for generating said send 
signal, and said base band signal is provided as said can- 
celing signal to said carrier combining section. 

45 4. The booster system of claim 1, which further comprises 
a level detector for detecting the level of said combined 
signal and said parameter control section includes means for 
iteratively determining said cancel parameter such that the 
level of said combined signal detected is minimized. 

so 5. The booster system of any one of claims 1-2 and 4, 
wherein said transmitting section includes level control 
means for adjusting the level of said send signal and said 
level control means is controlled by a control signal from 
said parameter control section. 

55 6. The booster system of any one of claims 1-2 and 4, 
comprising local oscillators for frequency conversion whose 
output phases are all synchronized with one reference oscil- 

7. The booster system of claim 1 or 2, wherein: said 
"i transmitting section includes a modulator for modulating 
said data signal to generate a base band modulated signal; 
said canceling signal contains said base band modulated 
signal; said cancel parameter generated by said parameter 
control section contains a base band cancel parameter gen- 
65 erated based on said combined base band signal and said 
base band modulated signal; and said carrier combining 
section comprises a multiplier for complex-multiplying said 
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base band replica signal and said base band cancel parameter 
to generate a base band replica signal, and a base band 
combining section for combining said combined base band 
signal and said base band replica signal to obtain a combined 
base band signal processed for interference cancellation. 5 

8. The booster system of claim 7, wherein: said canceling 
signal contains said send signal in the radio frequency band; 
said cancel parameter generated by said parameter control 
section contains a radio frequency cancel parameter gener- 
ated based on said send signal and said combined baseband JO 
signal; and said carrier combining section comprises a 
complex envelope convener fur complex-modulating said 
radio frequency send signal by said radio frequency cancel 
parameter to generate a radio frequency replica signal, and 

a radio frequency combining section for combining said 15 
received signal and said radio frequency replica signal to 
obtain a combined radio frequency signal processed for 
interference cancellation. 

9. The booster system of claim 8, wherein: said transmit- 
ting section includes quadrature modulating means for gen- 20 
erating an intermediate frequency modulated signal by 
quadrature-modulating said base band modulated signal, and 
frequency converting means lor converting said intermedi- 
ate frequency modulated signal to a send signal of said radio 
frequency band; said canceling signal contains said inter- 25 
mediate frequency modulated signal generated by said 
quadrature modulating means; said cancel parameter gener- 
ated by said parameter control section contains an interme- 
diate frequency cancel parameter generated based on said 
intermediate frequency modulated signal and said combined 30 
base baud signal: and said cairici combining section com- 
prises received signal frequency converting means for con- 
verting said combined radio frequency signal to an interfile- 
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diate frequency signal, an intermediate frequency complex 
envelope converter for complex-modulating said combined 
radio frequency signal by said intermediate frequency cancel 
parameter to generate an intermediate frequency replica 
signal; an intermediate frequency combining section for 
combining said iniermediaic frequency received signal and 
said intermediate frequency replica signal to obtain a com- 
bined intermediate frequency signal processed for interfer- 
ence cancellation; and quadrature detecting means for 
quadrature-detecting said combined intermediate frequency 
signal to generate said combined base band signal. 

10. The booster system of claim 8, wherein a low noise 
amplifier is provided for amplifying said combined radio 
frequency signal front said radio frequency combining scc- 

11. The booster system of claim 7, wherein said multiplier 
and said base band combining section arc means for digital 
operation. 

12. The booster system of claim 1, wherein said trans- 
mitting section generates said send signal of a carrier 
frequency having an offset relative to the carrier frequency 
of a desired received wave and feeds said canceling signal 
of the offset frequency back to said carrier combining 

13. The booster system of claim 1, wherein said parameter 
control section iteratively updates said cancel parameters of 
at least said radio frequency band and said base band in 
accordance with adaptive algorithms, the time constant of 
said adaplivc algorilhm for said radio frequency hand being 
chosen larger than the time constant of said adaptive algo- 
rithm for said base band. 


